Two transposition vectors, pTV32 and pLTV1, containing transposon Tn917 derivatives TV32 and LTV1, respectively, were introduced into Lactococcus lactis subsp. lactis MG1614. It was found that pTV32 and pLTV1 replicate and that TV32 and LTV1 transpose in this strain. A protocol for production of a collection of Tn917 insertions in L. lactis subsp. lactis was developed. The physical locations of TV32 on the chromosomal SmaI fragments of 62 independent transpositions were established by pulsed-field gel electrophoresis. These transpositions could be divided into at least 38 different groups that exhibited no Tn917-dominating hot spots on the L. lactis subsp. lactis chromosome. A total of 10 of the 62 transpositions resulted in strains that express fl-galactosidase. This indicates that there was fusion of the promoterless lacZ of the Tn917 derivatives to a chromosomal promoter. Thus, the Tn917-derived transposons should be powerful genetic tools for studying L. lactis subsp. lactis.
Lactococci are gram-positive bacteria that are used extensively as starter cultures in fermented milk products. Several plasmid-borne and industrially important traits have been investigated genetically, including lactose utilization (8) , proteinase activity (14) , citrate utilization (11), bacteriophage resistance (21) , and bacteriocin production (13) and resistance (9, 26) . In contrast, only a few chromosomally linked traits are known (18, 19) , mainly because of a lack of efficient genetic tools.
In several gram-negative bacteria, transposons have been extremely valuable in the study of chromosomal genes (for reviews see references 1 and 2). Among the transposons of gram-positive origin, Tn917 from Enterococcus faecalis (25) is particularly interesting for use in the genus Lactococcus. The reasons for this are that Tn917 is well characterized (20, 23) and several vectors (pTV plasmids) containing Tn917 derivatives with different features have been constructed for use in Bacillus subtilis and other gram-positive bacteria (6, 28, 30) . In addition, DNA from Tn917-containing plasmid pTVl (20, 31) has been shown to integrate into the Lactococcus chromosome (22) , probably because of Tn917 transposition.
More than 90% of all Tn917 insertions in the B. subtilis chromosome are located in hot spot regions (27, 31) . This limits but does not exclude the use of Tn917 in this organism (29) . In contrast, apparently no or only weak hot spot regions are found in the chromosomes of Bacillus megaterium (5) and Listeria monocytogenes (6) .
Two derivatives of the pTV plasmid series, pTV32 (30) and pLTV1 (28) , were selected for an investigation of Tn917 transposition in Lactococcus lactis. pTV32 and pLTV1 (Table 1) contain (i) a temperature-sensitive replicon (pE194Ts-rep) from plasmid pE194, (ii) on the replicon part of the plasmid a cat gene (pTV32) which confers chloramphenicol resistance (Cmr) or a tetracycline resistance (Tcr) gene (pLTV1), (iii) Tn917, which harbors an erm gene which confers erythromycin resistance (Emr), and (iv) a promoterless Escherichia coli lacZ gene (6, 28) . The transposons of pTV32 and pLTV1 are designated TV32 and LTV1, respectively.
In this paper, we show that pTV32 and pLTV1 replicate and that TV32 and LTV1 transpose in Lactococcus lactis subsp. lactis MG1614. Lactococcus cells transformed with pTV32 or pLTV1 could not be deprived of these plasmids by using a temperature upshift. However, transposition was induced and cells were cured spontaneously for plasmids, even at 30°C, by growing transformants and selecting for Emr. About 15% of the transposition events resulted in strains that expressed 3-galactosidase, most likely because of fusion of the Tn917 derivative to a chromosomal promoter. Determinations of the physical locations on chromosomal SmaI fragments of TV32 from 62 independent transpositions showed that insertions were obtained at at least 38 different locations on the strain MG1614 chromosome.
MATERIALS AND METHODS
Bacterial strain and plasmids. The bacterial strain and plasmids which we used are listed in Table 1 . pLTV1 and pTV32 were isolated from Escherichia coli PY1173 and B. subtilis PY258, respectively. These strains were obtained from P. Youngman, University of Pennsylvania.
Culture media and reagents. Lactococcus cultures were grown at 30°C in M17 broth (Sigma Chemical Co., St. Louis, Mo.) supplemented with 0.5% glucose or on M17 agar (Sigma) supplemented with 0.5% glucose (M17-glc agar) unless specified otherwise. Primary transformants of Lactococcus cultures were plated onto M17-glc agar supplemented with 0.5 M sucrose, 2 mM CaCl2, and the appropriate selective antibiotic. The antibiotics were purchased from Sigma and were used at the following concentrations: erythromycin, 1.0 1LgIml; chloramphenicol, 5.0 ptg/ml; and tetra- 10 ,000 x g, the plasmids were extracted from the supernatant as described previously (3) .
Preparation and restriction enzyme digestion of genomic DNA in situ in agarose blocks were done essentially as described by Tanskanen et al. (24) .
PFGE. For pulsed-field gel electrophoresis (PFGE), samples were electrophoresed with a model CHEF-DR II apparatus (Bio-Rad Laboratories, Richmond, Calif.) through 1.5% agarose gels in 0.5x TBE (lx TBE is 89 mM boric acid, 2 mM EDTA, and 89 mM Tris borate [pH 8.3]). The electrophoresis parameters were as follows: 175 V for 20 h at 14°C with ramped pulse times from 1 to 70 s. Prior to DNA detection by UV irradiation, the gels were stained with a solution containing 1 mg of ethidium bromide per liter of 0.5 x TBE for 30 min and then destained for 4 h in 0.5 x TBE.
Southern hybridization. EcoRI-digested genomic DNA was electrophoresed through 1.0% agarose gels and transferred to Hybond-N membranes (Amersham, Amersham, United Kingdom) essentially as described by Maniatis et al. (17) . The two DNA probes used were pLTV1 and a 4-kb EcoRI fragment of pLTV1 containing the pE194 replicon.
The 4-kb fragment was isolated from agarose gels by electroelution into dialysis bags, and the probes were nick translated with [ax-3P]dCTP (Amersham) as described previously (17) .
Production of independent Lactococcus lactis subsp. lactis Tn917 integrants from individual cultures. Primary transformed cells were plated onto M17-glc agar supplemented with 0.5 M sucrose, 2 mM CaCl2, and erythromycin. Single colonies were subcultured twice in liquid medium, with selection for Emr. Each culture was streaked onto M17-glc agar containing erythromycin, and a single colony from each culture was restreaked once. All cultures were incubated at 300C.
Simplified protocol for the production of Tn917 insertions in Lactococcus lactis subsp. lactis. Primary transformed cells on M17-glc agar supplemented with 0.5 M sucrose, 2 mM CaC12, and erythromycin were replicated twice on M17-glc agar containing erythromycin. All (Table 1) . With either plasmid, the transformation efficiencies were 104 to 5 x 104 transformants per ,ug of DNA when we selected for Cmr or Emr. When we selected for both antibiotics, no or only a few transformants were obtained. pLTV1 could not be selected for by using tetracycline.
Plasmid DNA was extracted from transformants grown with selection for Cmr. Agarose gel electrophoresis showed that plasmid size and selected restriction enzyme sites (EcoRI, SalI, and HindIII sites) were retained compared with the original plasmid (data not shown). By assuming that the level of recovery in the plasmid preparation procedure was 100%, the average copy number was estimated to be 6 to 12 copies per cell by performing a comparison on agarose gels with a standard of known concentration. This result was observed for transformants containing pTV32 or pLTV1.
In contrast, no plasmids were extracted when transformants were grown with selection for Emr (data not shown). Also, no plasmids were extracted when transformants were grown in antibiotic-free medium. These cells were Ems and Cms.
Induction of Tn917 transposition in Lactococcus lactis subsp. lactis and curing for pTV. The procedure used for pTV-based Tn917 mutagenesis in B. subtilis includes a step involving an antibiotic switch combined with a temperature upshift. Both Tn917 erm gene expression and transposition are induced by erythromycin (30) . In B. subtilis, the replication activity of pE194Ts-rep is blocked at temperatures above 37°C (28 shown), the temperature curing procedure developed for B. subtilis could not be used for the Lactococcus strain. However, pTV32 or pLTV1 could not be extracted from Lactococcus transformants grown at 30°C with selection for Emr, indicating that there was transposition of Tn917 to the chromosome with a concomitant loss of the plasmid. To verify that these cells had lost the plasmids as free molecules and had Tn917 inserted into the chromosome, Southern hybridization was performed with DNAs from 12 independent, Emr strain MG1614 clones that were initially transformed with pTV32 and were subcultured twice in liquid medium with selection for Emr. The clones were hybridized with 32P-labelled pLTV1 and a pTV replicon-specific probe (Fig. 1) . pTV32 is 15.6 kb long and has a unique EcoRI site which is located in the replicon part of the plasmid. The Tn917 part of pTV32, TV32, is 8 kb long. From 8 of the 12 TV32 integrants a single signal was detected when pLTV1 was the probe (Fig. 1A) , whereas no signal was observed with the pTV replicon-specific probe (Fig. 1B) . These eight integrants were Emr and Cms, as expected if TV32 was transposed to the chromosome and pTV32 was lost. From the remaining four integrants (integrants 27, 33, 36, and 39) two signals were detected when pLTV1 was the probe (Fig.  1A) . The same two bands hybridized with the repliconspecific probe, and no signal of the size expected for freely replicating pTV32 was observed (Fig. 1B) Figure 2 shows the results of PFGE of integrants representing every group in Table 2 (Fig. 2) . The two TV32 copies are carried on the 200-and 600-kb fragments. The double insertion makes the total number of insertion events in this study 62 . Table 3 shows the number of integrants obtained for each fragment, together with the expected number of integrants, assuming that the probability of integration into a fragment depends only on the length of the fragment. A chi-square test was used to test this assumption. The chi-square test firmly excluded (P < 0.005) the possibility that the insertions obtained were randomly distributed on the chromosome.
Production of pools of Tn917 insertions in Lactococcus lactis
subsp. lactis. In an attempt to develop a simple procedure for making a collection of Tn917 insertions in Lactococcus lactis subsp. lactis, a pTV32-containing clone was grown with selection for Cmr and then switched to growth with selection for Emr. The temperature was kept at 30°C. Southern hybridization and PFGE showed that 8 of 12 randomly selected Tn917 integrants from such a culture were identical (data not shown).
To circumvent a dominant integrant in a culture, primary transformants were replicated twice on plates containing erythromycin. About 2,000 colonies from 20 replicated plates were washed off and pooled. From 
DISCUSSION
To obtain an efficient genetic tool for use in the genus Lactococcus, we examined the behavior of transposon Tn917 derivatives in Lactococcus lactis subsp. lactis. We found that the derivatives transpose without insertions into dominating hot spots by determining the physical locations of Tn917 derivative TV32 on the chromosomes of 61 independent integrants. P-Galactosidase was expressed in 10 of 61 integrants, most likely because Tn917 derivatives, which contain a promoterless lacZ gene at the erm-proximal end, were inserted downstream of a promoter. Finally, we developed a method for producing collections of Tn917 insertions in Lactococcus lactis subsp. lactis.
It has been reported previously that plasmid pE194 is not able to replicate in Lactococcus lactis subsp. lactis (7). This conclusion was based on the inability of the researchers to transform Lactococcus lactis subsp. lactis IL1403 with pE194, although the erm gene is expressed in this species (15) . In contrast, we showed that pE194-rep-containing pTV32 and pLTV1 are able to replicate in Lactococcus lactis subsp. lactis MG1614 when selection is for Cmr. However, we observed that the plasmids were readily lost even at 30°C when selection for Cmr was eliminated or when selection for Emr was used. The loss of plasmids during selection for Emr might be explained by induction of Tn917 transposition together with the inherent instability of the pE194 replicon.
We found that the tetracycline resistance gene of pLTV1 was not expressed in the genus Lactococcus. We cannot explain why Lactococcus cells transformed with pTV32 or pLTV1 could not be selected for by using selection for Cmr and Emr simultaneously.
pTV32 and pLTV1 replicate in strain MG1614 grown at 37°C in the presence of chloramphenicol. Strain MG1614 does not grow at 38°C, and consequently, it was not possible to perform the plasmid-curing step in Lactococcus cells by raising the temperature. However, the cells were spontaneously cured for plasmids even at 30°C when they were cultured in medium with selection for Emr, leaving only transposon integrants. A common way to investigate transposition randomness is to generate auxotrophic transposon insertion mutants and then determine the frequency of auxotrophic phenotypes. By using this method the randomness of Tn917 in B. subtilis (27, 31) , B. megaterium (5) , and Listeria monocytogenes (6) has been examined. Instead, we used PFGE to establish directly the physical location of Tn917 on chromosomal SmaI fragments of 62 independent lactococcal Tn917 insertions. The entire strain MG1614 genome is estimated to be approximately 2,500 kb long on the basis of the SmaI (16, 24) .
The 62 transposon TV32 insertions on the Lactococcus chromosome are not evenly distributed along the chromosome (Table 3 ). The major contribution to this unevenness comes from a 2.5-fold overrepresentation of insertions into the 600-kb fragment and an absence of insertions into the 280-kb fragment. The 37 insertions into the 600-kb fragment are located at at least 21 different positions, with no more than three insertions at the same position. These results mean that the overrepresentation cannot be due to a single dominating hot spot. The 280-kb fragment is not totally refractory to TV32 insertions, as we obtained such integrants in parallel experiments (data not shown). The following factors may contribute to the observed uneven distribution of insertions: (i) fragments near the chromosomal origin of replication have higher copy numbers than fragments near the terminus; (ii) essential genes might be unevenly distributed; and (iii) Tn917 might be preferentially inserted into regions with particular features. Despite the uneven distribution, we found that Tn917 derivatives are useful tools for genetic analysis of Lactococcus lactis as we found a large number of different insertion sites in this study and we later found that still more insertion sites could be obtained.
Of the 12 Lactococcus lactis subsp. lactis Tn9J7 integrants which we analyzed, 4 
